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(57) The present invention provides an apparatus 
and a method for handling data between a first andla 
second typically completely exclusive unit trough a com- 
mon unit 300. This is done by mapping the status indi- 
cator of the entity 2 200. its value being determined 
a position in a rotating shift register, to create a shaddw 
status indicator; determining whether the measured lis 
defined value' " * ** ^ finCM ^ u on the basis 



of the measured SSSI-value; determining a relationship 
between a FSI-value and the value; performing opera- 
tions if a predetermined condition for the relationship » 

^ common unit 300 could be a FIFO, the entity 1 
100 is then a writing unit, the entity 2 200 is a reading 
unit, whereas the entity 1 100 creates a write and the 
entity 2 200 creates a read pointer. The wnte pointer is 
then compared to the shadow read pointer the clock. 
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Description 

Background or the Invention j 

[0001] A first-in first-out method, better known L 
FIFO is a method of processing queue in which itenhs 
are written in the same order in which they are reag. 
namely the first data written is the first data to to read- 
out This is a very common and popular method to in- 
terface between two completely mutual exclusive unrfp, 
in order to transfer data from ono unit to the 
[0002] Architecture according to the pnor art is shov|m 

roSffi 1 The present invention is not restricted tottLe 
FIFO method. The present invention can be applied to 
any common unit 300, such as a transfer bu«er. throu, ,h 
which the data are transferred from one entrty lOOtoJe 
other entity 200. For the purpose of illustration, F1RO 
method will be used. 

[0004] An entity 1 100, shown in FIG. (writes the data 
intothe FIFO in its own rate according to its Clock m o. 
which is then read by a second ent rty 200 in its own rate, 
according to its own Clock 2 205. I 
[WOS] In the first generation of FIFOs the data wete 
moved mroughthememoryfromthefirsttolastmemoy. 
The back draw of this method is that the time needed to 
read the data could be very long, especially if the FIF O 
memory is very large. That is the ^ M«H; 
data, two pointers are moved 110; 210. wh^show, 
which FIFO entry should be read next and in which Fir O 
entry the data should be written next. The first porter 
is the write pointer 110. hereinafter designated as W - 
TR 120 which shows the first not occupied address a id 
the other pointer is the read pointer 21 0. hereinafter de s- 
iqnated as RPTR that shows the last occupied addres s. 
InBtsadolpoi^o^atBtoeindk^^Mf^ 
can be used as described in US Patent 5 640 515. Ho »- 
ever, for the sake of simplicity as illustration pointers fl 
be turther described. 

[0006] The unit between the Entity 1100 and Entrty 2 
200 can for the sake of illustration be assumed as F F 3. 
Even though to describe the present invention a Fir J, 
with a writing and a reading unit, is used as an iluat Ra- 
tion it should be understood that the same problemjis 
encountered every time when two independent, typical- 
ly asynchronous units are transferring data trough a 
common unit 300, when each unit works with its oWn 
independent clock. jn „ TO „nJ,« 
[0007] If FIFO is empty WPTR 1 10 and RPTR210are 
equal and pointing to the beginning of the FIFO. When 
a data is written into FIFO, a writing unit woulC I normally 
generate a signa. INCREASE WRiTE POINTER The 
same happens with the reading unit, which would i gdn- 
«Z a signal INCREASE READ POINTER and the 
pointer is increased by increments of one. However 
oilferent clocks govern WPTR 110 and I RPTF 210, to 
well as the signal INCREASE POINTER, so that it can 
happen that WPTR 110 and RPTR 210 are compa, 



a, me moment the value of one of them 
false or an undefined value would be read. Toavoid this, 
cbcks o« two units are synchronized by e ^nchron^- 
tion apparatus hereinafter designated as SYNCN 500. 
5 S eler generates a signal INCREASE POINTER 
atSdtog toa synchronized ctock. or updates pointor 
at defined times according to me syr^ron^edclook 
10008] SYNCM 500 requires a synchronization clock, 
which is at least twice as fast than the slowest clock £ 
10 mesystem.ltmelaslerclockfulfillsthisrequ.rementth.8 

clock can also be used as a synchronization clock. 
0^>r HPTR 210 and WPTR 120 changes are then 

both units 1 and 2 can compare WPTR W Mo £PTR 
,s 210 when they are stable, i.e. at the time when the val 
ues do not change, since the time of change is known 

to both units. . . nrr ^ 

,0010] Therefore, the present invention seeks ^o pro- 
ISe an alternative to the SYNCM described (500) o 
20 even more to provide a method and an apparatus for 
handling data between two asynchronous units, wrthout 
using any synchronization apparatus at all. 
mm This objective has been solved according to 
M independent claims. The claim 1 ™ 
2 s ratus lor handling data between an entrty 1 100 and an 
entity 2 200. lor example an entity 1 100 and an entity 
S the entity 1 100 and entity 2 200 each worWng 
with an independent clock and each unit being able o 
$Z operations on a common unrt 300 Jar examp J 
so FIFO, the entrty 1100 performing aerations of a first 
kLd. for example wrrting data and the entrty 2 ^per- 
forming operations of the second kind on the common 
unit 3«)Tor example readmg data, where.! the entity! 
100 has a status indicator lor the operations ol a first 
35 kind (First Status Indicator-FSi), for example a wnte 
pointer according to thepresent invents 120,andttie 

£trty 2 200 has a status indicator for the 
the second kind (Second Status Indicator «M« 
ample a read pointer according to the present invention 

40 100121 The apparatus comprising means lor mapping 
L SSI, its value being determined by a f^° n ° a 
shift register, in ordertocreateashadowstatus indicator 
or the operation of a the second kind. djj- 
4S ignated as SSSI; means lor determmng vmether the 

for assigningme defined value onmetos^o^themeas 
ured SSSI-value; means for determining a relationship 
between a FSI-value and the SSSI-value; means lor 
so peSngoperationsofthefirstkindifapredeterm»ied 
conronfortheretetionshipbetweentheFSI-valueand 

the SSSI-value is satisfied. 

KlT The present invention provides an aiternative 
Ta synchronization apparatus SYNCM 500. altowmg 

obtain a value which can be used for a comparison in 
oTder to make sure that no data or informal^ have 
been overwritten by e writing unrt or read tw.ce by a 
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reading unit. Therefore the present invention provide^ 
TZZd to read a value of the pointer aocordmg to thfe 

designated as SPTR. This method •»M»*"t 
wnton willbehereinatterdesignatedas "Random Sanj- 
plingVThevalueobtained trough random sampl.ng. c j- 

ating a shadow pointer, whereas shadow wnte porftk 
Z designated as SWPTR 121 and shadow read port* 

of an entity 1 100 whereas the shadow pointer ■ 
changed or updated according to the clock d an eat* 
2 200 and is used to compare the positions of pointers 
relative to each other. 

0014] The present invention enables to handle datb 
Eetween two units independent of their vernal ** 

fit in a multiple frequency environment, which was r* 
possible or is very difficult according to the [P"**-] 
S,1S1 Therefore, no specific relat.onsh,p betweeh » 
wo clocks is necessary i.e. the faster clock does nit 

*n the system. This is especially *^^ f H> 
are few units that have to be synchrony* all of the*. ^ 
wooing with their own clock. 

Short description of the drawings 



[0016] 

FIG. 1. showsaFIFOarchitectureaccordingtotrje 

FIG. 2. shoisa FIFO architecture according to thje 
present invention; i 

FIG 3 shows a Rotating Shift Register (RSR) 40p 
acting as a pointer according to the present 

invention; 

FIG 4a shows the changes of WPTR, and of th 
shadow read pointer, hereinafter designa - 

ed as SRPTR, according to clock 1; 

FIG 4b shows how Shadow write pointer, hereina - 
ter designated as SWPTR 121 and RPTp 
220 change according to clock 2; 

FIG 5. FIG. 5 shows entries of RSR 400 in diffe - 
ent states with respect to a shift; j 

FIG 6a shows possible states of the mixed state 
shown in FIG. 5 that could be encountered 

FIG 6b shows states obtained after correction d 
undefined states, when the random sam- 
pling lakes place, and ! 

FiG 7 shows the flow chartfor the method accord- 
ing to the present invention. 



Detailed description of the Invention 

[0017] FIG. 2 describes FIFO architecture according 

to the present invention. . , . L 

[0018] Instead of using a SYNCM 500 and mstead d 



comparing ^ ^^S 

S % me entity 2 200, and » - J 
^arecrxnparedbytheenti* 
and SRPTR 221 are values ol the WPTR 1 zu ana n« 
RPTR 220 respectively, which change according o the 
ctockoftheotherunit, i.e. SWPTR 121 change with the 
cSo!!heReadingUnitandSRPTR221 changes wrth 

the clock ol the writing unit. . 
0019] A Pointer acceding to the present .nvenUon 
Shown in FIG. 2 120; 220 uses a counter according to 
Resent invents namely a shift 
erablv a rotating shift register 400, hereinafter desig- 
ns as R?R, whtt makes possibte mat Rvalue , -n 
be read out at me any moment, and merefore also .at 
me moment d change. Inacasean undefined value is 

which can assignaunique memory addressdmepoirt- 
?Thl. mechanism will be explained Mater in eonn£» 
with FIG 5 and 6. The value obtained n such a way is 

nvention provides a shHt register and especially a RSR 

er Everv time me pointer is incremented, the RSH «u 
LesTo the rfcht lor example. In the preferred embod- 
^,of,heinventionmeRSR400hassameN-Nurnber 

of entries as the FIFO itself. 
SS To determine me value d a pointer me shrtt 
egister with a rotating pattern d 11". 
ianated as RP 450, is used. However, person sk lied in 

ample rotating '00" or Mil- can also be used for the 
ZoslTof the invention. Two rotating adjacent brts d 
the same value are, however sufficient 
£ozq The write pointing location « ^^_ b R 
^ whenever it writes data to the FIFO. The WPTR 
20 is implemented by RSR 400 by one* it-shjf tngh :xo 
me RP 450 The new pointing location will be the next 
SpSXtobe written which is exactly me kjcatx.n. 
wh St would be pointed by a conventional i«JJ« 
[0023] FIG.4showshowWPTR120andtheSRPTR 
221 change accordingto the clockl andhowRPTR220 
and SWPTR 121 change according to clock i. 
TO0241 In FIG. 4aavalueof the WPTR 120and SPTR 
Sing to ctock 1 is changed. In the example de- 
Sed SPTR is a SRPTR 221. It can be seen that at 
cTpoint two states can exist for me SPTR, name* 
JSe 1 and stale 2. This happens when the unit one, 
vTJg on its own clocks tries to determine the value 
Se tter created by the unit two, b, me metas able 
Ite ie just at the moment that the pointer d me unrt 
£ changes its value. If classical binary pointers were 
SJS value of the pointer woukJ be ****** 
Sd prevent the updating of me SPTR. According to 
^ present invention however ft is possible to assign a 
unique value of the pointer, which is always very close 
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to the actual value ol the pointer, and very often ident, 
with it. This is described in connecfion wrth RQ J", . 
^025] FIG. Ssr»v»s entries dRSR^ .nMednt 

Ewith respect ^^^ C ^ 7 ^ e 
Lore a shift NEXT STATE after the shift and the 
£ s5tE during the ML The CURRENT STaJe 
Irespondtome STATE 

4a for example, or to the STATE 1 of J° |WPTR121 
shown in FIG. 4b respectively. The NEXT STATE cor, 
sponds to States 2 in FIG. 4a and 4b. , 
r0026] The value of RSR 400, shown m FIG, 3. rep 
Ksfivedi«erentFIFOaddressesduetothef,rstfie 

RSR 400 bits. The FIFO addresses are uniqujly 
Soothe five possble pos«k>ns of "If-bits in t . 
exarSple. For example, it can be defined to m >«* mjht 
most of the two successive "11 '-bits so that me CU * 
St STATE points to the F.FO address 3 and «,e 
NEXT STATE points to FIFO address 4. During the sh ft, 

in the MIXED STATE, bits 2 and 4 mWV.J 
defined, if read out exactly at the moment .n when the 
counter is incremented. 

[00271 How the value of, for example WPTR 120, s 
SLd is shown in FIG. 6. — « ° 



change takes place at the momen ^P 1 ™'* 
the stable state, designated as a CURRENT STATE in 
FIG 5. the value ol a pointer is defined and the SPTR 
canbe updated, in the case however, that thesampl.^ 

takes place at the moment the pointer is increment »d 
Z&m NEXT STATE) some Ms could be, and m< el 
proteblywo^Wbe, undefined or cou«d re^awrongvtl- 
ue.Thebitstr«tmi9htbeur^efinedared« 1 gnatedwkh 
■X' and the state obtained is designated as a mix ta 
state, aleo called metastable state. It is not necessjry 
that both bits designated with "X" are undefined. It » 
enough that any of the two bits are undefined to obtin 
values which cannot be read. 
[0028] The values of the bits in the entries 1 3 an 5 
would ! however, still be defined values, as they have r|ot 

moaS I FIG 6a shows the possible entries of the RSR 
400 in the MIXED STATE of FIG. 5. in ^br 'orm I o- 
gether wfth a labeling left column for labeling *e t ur 
possible entries VVV4. V1-V4 are defines corrtor a- 
Eons of possible values of the bits marked 'X in RG- 5. 
Rom these four possible entries only two « *Hj 

have exactfy two successes tiym "2**™+ 
sent the CURRENT STATE and the NEXT STATE of 

SoM] in the present invention it was realized ttJto 
notVecessary to define the MIXED STATE exactly, or 
?£T3* to either to the CURRENT or to t ,e 
NEXT sV. It is important and sufficient that » 
MIXED STATE is related to one of these states only ( «- 
ther CURRENT or NEXT STATE) and not to other pds- 

inversion a complete uncertainty which woukf ans . » 
the prior art, in the case, a pointer value is read out at 



me moment of change, is limited to «un»m J. 
tween two values, which does not matter m FIFOs, be- 
cause both of those values allow error-free functioning 

5 SUSTfIQ. 6b shows how a unique value can be ob_ 

L RSR 400 from processingthe entries of FIG. 6a. The 
SEJSr^W result from the correct™ <x 

\/i -V4 of FIG. 6a respectively. 
„ Eventhough^nycc^e^ m^^e 

Seed me invention provides a " 

rection is done in such a way. that the CURRENT 

S WE I pSerably obtained. This is done in such a 

20 the value same value reading 110 tor V3 is also oo 
M Thecriteriathatthemostleftdig«t«ass.gned 1 

I aSrary and person skilled in the art knows that they 

Method described has a purpose that in case that m 
zs LeisrK»defineoalowervalueisassum^,topr^ern 

mat SRPTR 221 assumes a false value which would be 
Siefthanthe actual one. leading to the overwrite of 

SSr^e same way as tor the ^ t^RSR 
30 4TOfealsousedfortheRPTR220 Afterreadinganen- 
Tin the FIFO unit 2 sh«s the RPTR 220 to the , n£ 
Slg to the next entry in the FIFO to * read* £ 

pTeferred ^^^^^"^JZZs 
termining the RPTR 220 has the same number of entnes 

WPTR 120 and RPTR 220 pointers are of the same 

ro^Pe^lesWIIedhartwiHto^trwrttheirw^ 
Se ajp!ed for many different purposes and data 
,o S meSstructures and 

vention are not the only ones that can be used to oDiam 

anenlty 1 ?00 and an entity 2 200 has been shown n 
« FrrThefirstanden»i«y2200aree^wotogw*h 

form operations on a common unit 300. the entrtyi * 
^00 and the entity 2 200 performing operations of the 
1 tOO has a status indicator for ^ opera^on ofa fust 

byalocatk^otashiftregister.tocreateashadowstjus 

indicator for the operate of a "jJ^STi 
determining whether the value of SSSI measured 
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LminLcondrtion lor therelat^shjp between theFS. 

ESfmJS N? the present invention the foftwty 
Z ££ performed on the entity 2 200, *m 
me rents value being determined by a position of£ 

HtZ of a the second kind-SFSI; determroHg 
operation ot a tne s f ^ SFS ^ 

SSSEssssssf 

tion tor the relationship between the SSI-value and 
SFSI-value is satisfied. ^ 
rnniTi in the case that the common unit 300 is a nry 

PsTwo^tTw^oTnlsSi a RPTR 220, arid 

witn a -11 ■ rotating pattern 450 would be used 
ro0381 The embodiments described are only for ttte 

determined only by the following claims. 



Claims 



means for executing the operate d the to* 

.^predetermined cond'^^^^ 
snipbetweenmeFSI-value and the SSSI value 



10 



15 



2. Apparatusaccordingtoclaim 1 further comprising: 

. m eansformappingtheFS. ■"•^-JJ* 
temped byapositionda^nj^eU^ 

ate a shadow status indicator for the operation 
nf a the second kind- SFSI; 
. 2J£! ,S determining whether a measured 

value of SFSI is a defined value; 
. Ta^s for assigning the defined value on the 

basis of the measured SFSI-value; 
. ^e tor determining a relationship between 

a SSI-value and the SFSI-value; 

End if a predetermined condition tor 
tionship between the SSI-value and the SFSI- 
value is satisfied. 

3. Apparatus according to claim 1 characterized in 
thaUhe FSI and SSI are status porters. 

4 Apparatus according to 1. characterteedin 
ttfauhe entity 1 (100) is writing data to the common 

the common unit (300). 

s Aooaratus according to claim 1, characterized in 
5 - EE common unit (300) is a FIFO-memory. 
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1 An apparatus for handling data between an entity 1 
1 f^'and an entity 2 (200), the entrty 1 (1^ arid * 
he entity 2 (200) each working with an independent 

and each of the units being able to perforin ■ 

nam oerforming operations of a first kind on the 

^^tM3^). P and,heen^2(200) P ^on I . « 

inTooeraUonsotasecond kind on the common urirt 
SS^E" ma en,«y 1 (100) 
cato for the operation of the first kind (First Status 
Sr-FS.randtheentiW 2 (200)hasa^s 

indSorformeo^^ « 
ond Status Indicator -SSI), wherein the entrty l 
(100) comprises: 

. .neansformappingtheSSI so 
,ermined by a position of a shift register t > c J 
ate a shadow status indicator for the operation 

of the second kind- SSSI; 
. means for determining whether a measured 

value of SSSI is a defined SSSI -value; 
. Tans for assigning the defined value on the * 

basis of the measured value; 
. means for determining a relationship between 
a FSI-value and the defined SSSI-value, 



in the rotating shift register (400). 
8 Apparatus acceding to claim 7. charactered in 

SZthat only twoadjacent 1-bfts are a.k>wed. 

and an entity 2 (200), the entity 1 0 ^ "dwmy 
2( 200)each working with an mdependen dockand 

each unit being able to perform -J-"*^ 
common unit (300). the entity IjJJJJ 
operations of a first kind on the common unit (3UU). 
SSI 2 (200) performing operates ot the 

eSl(100)hasastatusindicatorfcxtheoperat«n 
SstkJtFirstStetuslndicator.FSOandme^ 
1 2 S») has a status bdicator for the operates 
Second kind (Second Status Indicator -SSI), 
characterized by the following steps 
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- mapping of the SSI, its value being determined 
by a position of a shift register, to create a shad- 
ow status indicator for the operation of a tfie 
second kind- SSSI; j 

. determining whether a measured value of SSSI 
is a defined SSSI-value and if not assigning the 
defined value on the basis of the measured SlS- 

Sl -value; j 
. determininga relationship between a FSI-valpe 

and the SSSI-value; [ 
. performing operations of the first kind if a pre- 
determined condition for the relationship be- 
tween the FSI-value and the SSSI-value is sat- 
isfied. 

10. Method according to claim 9, further characterized 
by 

- mapping the FSI, its value being determined by 
a position of a shift register, to create a sha<* >w 
status indicator for the operation of a the sec- 
ond kind- SFSI; \ 

. determining whether a measured value of SRSI 
is a defined SFSI-value and if not assigning the 
defined value on the basis of the measured f 
Sl-value 

. determining a relationship between aSSI-\ 

and the SFSI-value; 
- performing operations of the second kind 

predetermined condition for the relationship I 

tween the SSI-value and the SFSI-value is ? 

isfied. 

11 Method according to claim 9, characterized in tjiat 
the entity 1 (100) is writing data to the common unit 
(300) and the entity 2 (200) is reading data from 1 he 
common unit (300). 

12 Method according to claim 9, characterized in tljiat 
the common unit (300) is a FIFO-memory. 

13 Method according to claim 9, characterized intjat 
the shift register is a rotating shift register (400). 

14 Method according to claim 9, characterized in that *s 
at least two adjacent 1 -bits (450) are rotating in fi e 
shift register. 
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